Introduction 29
Genetic regulation of behavior is a vital topic in neuroscience-understanding gene-30 controlled behaviors will help to elucidate the intricacies of the central nervous system (CNS). 31
The common fruit fly Drosophila melanogaster is an ideal model organism for the study of the 32 genetic control of behavior. Drosophila has been used as a genetic model organism for over 100 33 years and provides a vast array of genetic manipulation techniques, complex and instinctive 34 innate behaviors, and simple methods for observation of neuronal activity. 35
Male Drosophila carry out a complex courtship ritual involving a specific sequence of 36 steps which depend on the processing of sensory cues by the CNS. First, the male fly orients 37 himself toward the female fly and follows her. He then taps her with his forelegs, which contain 38 gustatory receptors that he uses to taste her. Next, he performs a species-specific wing song 39 where he extends and vibrates one wing at a time towards her. Next, the male fly licks the 40 genitalia of the female to open up the vaginal plate and further assess pheromonal cues, and 41 lastly attempts copulation by curling up his abdomen (EBBS and AMREIN 2007) . Mating and 42 reproduction depends on the correct performance of this ritual. Each of these courtship 43 behaviors is easily observable, and thus courtship makes for an ideal behavioral model. 44 We previously reported the identification of Trapped in endoderm 1 (Tre1) as a novel 45 gene controlling courtship initiation in Drosophila (LUU et al. 2015) . Tre1 encodes an orphan G-46 protein-coupled receptor (GPCR) that is required for both germ cell migration and 47 establishment of cell polarity (KUNWAR et al. 2008; YOSHIURA et al. 2012) , and is closely related 48 to a family of GPCRs in vertebrates that respond to hormones and neurotransmitters, including 49 melatonin and histamine (YOSHIURA et al. 2012 ). We identified a set of neurons that express the 50 transgene Tre1-GAL4, which, when genetically feminized either through expression of the 51 female-specific splicing factor Transformer (Tra F ), or expression of an RNAi construct targeted 52 to the male-specific transcripts of the fruitless gene (Fru M ), result in males displaying unusually 53 rapid courtship initiation (TRAN et al. 2014; LUU et al. 2015) . We also found that feminization of 54
Tre1-expressing cells led to a competitive reproductive advantage, and that Tre1-GAL4 is 55 expressed in a sexually dimorphic fashion in the olfactory organs and adult CNS (LUU et al. 56 2015 
Courtship Assays 83
Courtship assays were performed according to published protocols (VILLELLA et al. 1997) . 84
Virgin males were collected and kept in isolation for 1-4 days. After this period of isolation, each 85 male was presented with a single 1-to-4-day-old w 1118 ;WTB virgin female. Custom plexiglass 86 chambers were used to contain the flies during the courtship assays, with each chamber being 87 10 mm in diameter and 6 mm in height. One male and one female were placed in each 88 chamber, separated by a plastic transparency. After an acclimation period of 2-3 hours in the 89 dark, plastic transparencies were removed to initiate contact between the pairs. Courtship 90 behavior was recorded in infrared light for 20 minutes. 91
Immunofluorescence 92
The CNS and peripheral tissue were dissected and fixed according to (WU and LUO 2006) and is expressed in neurons in both the periphery and CNS. To demonstrate that neuronal 117 expression of Tre1 is required for its role in courtship behavior, we used the pan-neuronal 118 driver elav-GAL4 c155 to drive expression of Tre1-RNAi ( Figure 1A ). When we knocked down Tre1 119 in neurons, male flies displayed rapid courtship initiation relative to background controls. though this result did not achieve statistical significance, due at least in part to the fact that 151 UAS-TNT(II)/+ males also display somewhat rapid courtship initiation (Fig. 1B) . We attempted tosilence the Tre1-GAL4 neurons using a variety of alternative transgenes, but found that, in most 153 cases, the result was lethality, or flies with profound locomotor defects that would impact 154 courtship behavior in a nonspecific fashion (not shown). 
Tre1 is required in neurons for normal courtship behavior 226
We previously demonstrated that rapid courtship initiation results from both 227 feminization of Tre1-GAL4-expressing cells as well as mutation of the GPCR-encoding Tre1 gene 228 itself (LUU et al. 2015 ). Here we demonstrate that this requirement is specific to neurons-229 when Tre1 is knocked down specifically in neurons using the pan-neuronal driver elav-GAL4 c155 , 230 males exhibit rapid courtship initiation ( Figure 1A ). In addition, we provide three lines of 231 evidence that reducing the speed of courtship initiation is a normal function of the Tre1- when compared to the UAS-TNT(II)/+ control did not achieve statistical significance ( Figure 1B) . 242
We have three hypotheses to explain this result. First, it is possible that this is due to the fact 243 that we were forced to use a relatively "weak" combination of transgenes for this experiment. 244
We tried a number of approaches to silencing or eliminating the Tre1-GAL4 neurons, including 245 alternative insertions of the UAS-TNT transgene and expression of the cell death protein Reaper 246 (Rpr). We found that, with the exception of the second-chromosomal insertion of UAS-TNT, 247 these manipulations resulted in lethality, or, when flies survived, profound locomotor 248 deficiencies. Thus, the experiment may have failed to achieve significance due simply to the 249 relatively weak silencing that was possible with the available tools. Males in which E-cadherin has been knocked down in the Tre1-GAL4 neurons display a 286 significant delay in courtship initiation, the opposite phenotype from that seen with loss of Tre1 287 Figure 3A ). To our knowledge, this is the first demonstration for a role of E-cadherin in 288 courtship regulation. 289
In germ cell migration, Tre1 expression results in polarized downregulation of Shg/E-cad, 290 and this downregulation is necessary for germ cell dispersal (but not sufficient for 291 transepithelial migration) (KUNWAR et al. 2008) . Thus, when germ cells were mutant for Tre1, 292 they failed to disperse due to continued expression of E-cad, while, when E-cad was mutated, 293 germ cell dispersal occurred prematurely. Moreover, downregulation of E-cadherin promotes 294 neuronal migration in mice (ITOH et al. 2013; CHEN et al. 2015) . 295 E-cadherin is expressed widely in both vertebrate and Drosophila nervous systems 296 (FANNON and COLMAN 1996 Both E-and N-cadherin-containing synapses are present throughout the CNS of the 307 adult mouse, and many synapses label with neither antiserum, suggesting that still other 308 cadherins are present at those junctions. Further, the "zones" of E-and N-cadherin expression 309 are largely nonoverlapping, and it has been proposed that cadherins serve to organize the 310 specificity of synaptic junctions as well as provide adhesive connections between neurons 311 (FANNON and COLMAN 1996) . N-cadherin is found at both the presynaptic and postsynaptic 312 terminals in cultured rat hippocampal neurons, and clusters together with synaptic markers at 313 developing synapses (BENSON and TANAKA 1998). Later, however, N-cadherin is retained at 314 excitatory synapses, but is lost from inhibitory synapses, while E-cadherin is often found at 315 inhibitory synapses (BENSON and TANAKA 1998; BRUSÉS 2000), suggesting that synapse formation 316 and maintenance may be dependent on developmental regulation and expression of specific 317 types of cadherins. 
